Background: Electronic health records are becoming an increasingly valuable resource for epidemiology but their data quality needs to be quantified. We aimed to validate twenty-five types of incident cancer cases in the Information System for Research in Primary Care (SIDIAP) in Catalonia with the population-based cancer registries of Girona and Tarragona as the gold-standard. Methods: We calculated the sensitivity, positive predictive values (PPV), and the timedifference between the date of diagnosis entered into the SIDIAP and into the registries. We added hospital discharge cancer diagnoses to the SIDIAP to assess sensitivity changes. Results: We identified 27,046 incident cancer diagnoses in the SIDIAP from 2009-2015 among the 949,841 residents of Girona and Tarragona. The cancer types with the highest sensitivity were breast (89%, 95% CI: 88-90%), colorectal (81%, 95% CI: 80-82%), and prostate (81%, 95% CI: 80-83%). Trachea, bronchus and lung cancers had the highest PPV (76%, 95% CI: 74%-78%) followed by stomach (72%, 95% CI: 68-75%) and pancreas (71%, 95% CI: 67-75%). Most cancer diagnoses were reported with less than three months of difference between the SIDIAP and the registries. More cases were registered first in the registries than in the SIDIAP. By adding cancer diagnoses based on hospital discharge data, sensitivity increased for all cancers, especially for gallbladder and biliary tract for which the sensitivity increased by 21%. Conclusion: The SIDIAP includes 76% of the cancer diagnoses in the cancer registries but includes a considerable number of cases that are not in the registries. The SIDIAP reports most of the cancer diagnoses within a three-month period difference from the date of diagnosis in the cancer registries. Our results support the use of the SIDIAP cancer diagnoses for epidemiological research when cancer is the outcome of interest. We recommend adding hospital discharge data to the SIDIAP to increase data quality, particularly for less frequent cancer types.
Introduction
Cancer is one of the leading causes of morbidity and mortality worldwide. 1 In 2018, there were 18 million new cases and 9 million deaths. 2 In Spain, cancer is a significant burden for the National Health System: cancer is the second most frequent overall cause of death and results in more than 250,000 new invasive cancer cases every year. 3 Therefore, conducting research focused on understanding cancer epidemiology is important both at the national and international levels. The use of databases of routinely collected electronic health records (EHRs) is becoming more common in epidemiology and clinical research. Due to their size, amount of data availability, representativeness, and long-term follow-up, EHR databases offer a great opportunity to conduct cancer research. 4 Another advantage of large health record databases is that they provide sufficient statistical power to detect uncommon outcomes such as rare cancer types. 5 However, validation processes are required to quantify the correctness of the data and to increase the reliability of large health record databases for use in subsequent observational studies. 6 The information recorded in EHRs by primary health care professionals in Catalonia -a region in Northeast Spain with 7.5 million inhabitants (2017) -comprises the Information System for Research in Primary Care (SIDIAP) platform. 7 Since the SIDIAP aims to provide reliable information to support research in primary health care, validation studies are performed regularly. 8 A previous study assessed the validity of lung, colon and rectum, prostate, breast, and cervix uteri cancers in the SIDIAP during the period 2009-2012 with sensitivities ranging from 64% (cervix uteri) to 92% (breast). 9 However, this study compared SIDIAP cancer cases with those from the registry of a single hospital in Barcelona. Although the data collection for this hospital is rigorous for a specific area in Barcelona, this area is not representative of the general population of Catalonia. Furthermore, the hospital does not have data available for research use on hematological cancers. A study validating more cancer types and using populationbased cancer registries as the gold-standard may increase the scope of the validity of cancer diagnosis in the SIDIAP as well as its use in new areas of research. The aim of this study was to validate twenty-five types of incident cancer cases in the SIDIAP using the population-based cancer registries of Girona and Tarragona as the gold-standard and to assess the time-difference in the date of diagnosis between the SIDIAP and these cancer registries.
Methods

Data Sources
We performed a cross-sectional study in the SIDIAP during the years 2009-2015, using data from the two population-based cancer registries that exist in Catalonia, the Girona and Tarragona cancer registries, as the goldstandard. The SIDIAP includes information recorded in EHRs by health professionals during routine visits at 287 primary health care centers from the Institut Català de la Salut (ICS, Catalan Health Institute). 10 We used ICD-10 codes and date of diagnosis to identify the following 25 cancer types in adults (aged ≥18 years): head and neck (ICD-10 codes: C00-C14), esophagus (C15), stomach (C16), colorectal (C18-21), liver (C22), gallbladder and biliary tract (C23-24), pancreas (C25), larynx (C32), trachea, bronchus, and lung (C33-34), bone and articular cartilage (C40-C41), malignant melanoma of skin (C43), breast (C50), cervix uteri (C53), corpus uteri (C54-C55), ovary (C56), prostate (C61), testis (C62), kidney (C64), bladder (C67), brain, central nervous system, pituitary gland and pineal gland (C70-72, C75.1-C75.3), thyroid (C73), Hodgkin lymphoma (C81), nonHodgkin lymphoma (C82-C86, C96), multiple myeloma (C90), and leukemia (C91-95). 20 We excluded other and unspecified malignant neoplasm of skin (C44). Other unspecified or very low-frequency cancers (n<100) were excluded. Diagnosis in hospital discharge data was registered using ICD-9 codes. 21 We mapped diagnosis codes to ICD-10 using available conversion codes eCIEMaps v3.1.9, which we have provided in Supplementary  Table S1 .
Other Variables
In the SIDIAP, we had information on the primary care center to which individuals were assigned in 2016 (Girona, Tarragona), date of diagnosis, sex (women, men), age (18-35, 36-50, 51-65, ≥66), and nationality (Spanish, non-Spanish). Socioeconomic status was assessed using the "Mortalidad en áreas pequeñas Españolas y Desigualdades Socioeconómicas y Ambientales" (MEDEA) deprivation index, which we categorized into quintiles for anonymization purposes. The 1st and the 5th quintiles represent the least and most deprived levels of the urban population in Catalonia, respectively. 22 We included a rural category since the MEDEA index was not available for people living in these areas.
Statistical Analysis
We performed a descriptive analysis of the overall number of cancer cases in SIDIAP and of the confirmed (ie, matched diagnoses between the SIDIAP and the cancer registries) vs non-confirmed cases (ie, in the SIDIAP but not in the cancer registries) by sex, age, nationality, MEDEA deprivation index, and year of diagnosis, in Girona and Tarragona, and we used a Chi-squared test to assess for significant differences. 23 We used the Catalonia Cleaning Period Catchment of incident cancer cases combined) data as the gold-standard to calculate the sensitivity and the positive predictive values (PPVs) for each cancer type (an illustration of our calculations is available in Figure S1 . As secondary analyses, we stratified the sensitivity and PPV analyses by province (Girona and Tarragona) to assess if there were geographical differences and by sex, nationality, age, and the MEDEA deprivation index to assess if there were differences for specific population groups. We also checked if the sensitivities improved after including cancer diagnoses from the hospital discharge database.
For the confirmed cases, we calculated the time difference (months) between the date of diagnosis registered in the SIDIAP and the date registered in the CCRs.
We used R version 3.5.0 for all the statistical analyses and considered p-values <0.05 to be statistically significant.
Results
Sociodemographic Characteristics Of SIDIAP And Confirmed Cases
In the SIDIAP, we identified 496,356 inhabitants of Girona in 2016, of which 16,211 had a cancer diagnosis between 2009 and 2015, and 453,485 inhabitants of Tarragona, of which 10,835 had a cancer diagnosis between 2009 and 2013. There were more cancer cases registered in the SIDIAP among men (55%, 56% for Girona and Tarragona, respectively), people aged 66 years or older (45%, 49%), Spanish citizens (94%, 95%), and people living in rural areas (32%, 37%) ( Table 1) .
We confirmed 9,296 cancer cases in Girona and 7,182 in Tarragona. Compared to non-confirmed cases, confirmed cases had a higher proportion of men in Tarragona (58% vs 52%) as well as people aged 51 to 65 in both provinces (35% vs 31% in Girona; 34% vs 27% in Tarragona) but a lower proportion of socioeconomically deprived individuals in Girona (11% vs 14%) ( Table 1) .
Overall Validation
Out of the 21,559 cancer cases registered in the CCRs, 16,478 (76%) were in the SIDIAP. The cancer types with the highest sensitivities in Catalonia were breast (89%, 95% CI: 88-90%), colorectal (81%, 95% CI: 80-82%), and prostate (81%, 95% CI: 80-83%) ( Table 2) . Almost all cancer types had sensitivities above 60% in both provinces. The exceptions were head and neck (51%, 95% CI: 47-55%) and gallbladder and biliary tract (29%, 95% CI: 23-35%) ( Table 2) .
Out of the 27,046 SIDIAP cancer cases present in Catalonia, 16,478 (61%) were also in the CCRs. The trachea, bronchus and lung cancers had the highest PPV (76%, 95% CI: 74-78%) followed by stomach (72%, 95% CI: 68-75%) and pancreas (71%, 95% CI: 67-75%) cancers (Table 2) . On the other hand, bone and articular cartilage (23%, 95% CI: 15-31%) and cervix uteri (28%, 95% CI: 24-33%) cancers had the lowest PPVs (Table 2) .
Most cancer diagnoses were reported within less than three months of difference between the SIDIAP and the registries (Figure 2 ). More cases were reported first in the cancer registries than in the SIDIAP. Only kidney cancer had more than twenty-five percent of cases reported first in the SIDIAP compared to the CCRs.
Secondary Analyses
Overall, Girona had higher sensitivities than Tarragona, especially for cancers of the cervix uteri (68% vs 52%, for Girona and Tarragona, respectively), Hodgkin lymphoma (69% vs 56%) and head and neck (56% vs 45%) (Supplementary Table S2 ). The only cancer for which Tarragona had a higher sensitivity than Girona was for bone and articular cartilage (56% vs 75%). Regarding PPVs, Tarragona had higher estimates than Girona, except for six cancer types. We observed the biggest differences for bladder (33% vs 69% %, for Girona and Tarragona, respectively), colorectal (65% vs 77%) and larynx (52% vs 63%) cancers. The cancer types for which Girona had the biggest differences in PPVs with Tarragona were gallbladder and biliary tract (56% vs 44%) and Hodgkin lymphoma (71% vs 56%) (Supplementary Table S2) .
Overall, sensitivity estimates differed by age groups, and PPVs estimates differed by age, nationality and socioeconomic status. Those older than 66 years showed lower sensitivities than those aged between 36 and 65 years for most cancer types (Supplementary Table S3 ). Overall, PPVs were lower in those aged between 18 and 35 years than in the rest of age groups, in non-Spanish than in the Spanish population and in the most deprived compared to the least deprived MEDEA quintiles (Supplementary  Table S4 ). Besides the abovementioned situations, we did not observe any other change in the sensitivity and PPVs according to sex, age, nationality, and socioeconomic status, with exception of certain specific cancer types (Supplementary Tables S3 and S4 ). 
DovePress
When adding cancer diagnoses from hospital discharge to primary care data, we observed an increase in sensitivity for all cancer types. Gallbladder and biliary tract cancer had the most substantial change in sensitivity, changing from 29% to 50% (Supplementary Table S5 ). We also observed changes above 10% for larynx (67% to 83%), head and neck (51% to 66%) and liver (65% to 78%) cancers (Supplementary Table S5 ).
Discussion
This study validated cancer diagnoses recorded in primary care using the data of the two provincial population-based cancer registries that exist in Catalonia as the gold-standard. We found that 23 out of 25 cancer types had sensitivities above 60%. PPV estimates were generally lower than the sensitivities observed in most cancer types. The number of cancer cases in the SIDIAP that were not confirmed by the cancer registries was high for some specific cancer sites. More cases were first recorded in the cancer registries rather than in the SIDIAP, though for most cancer cases, the time difference between both data sources did not exceed three months. Including cancer diagnoses from hospital discharge data considerably improved the reliability of the data for specific cancer types.
We observed a high sensitivity for the majority of cancer types. Breast, colorectal and prostate cancers had the highest sensitivities, which are some of the most incident tumors and thoroughly screened cancers in systematic programs (breast and colorectal) and strongly sought by opportunistic screening (prostate) in Catalonia. 24, 25 Furthermore, these cancers take part in the rapid diagnostic circuit program run in Catalonia, which could also contribute to an increase in the accuracy of diagnosis in primary care. 26 Previous studies conducted in the United Kingdom (UK) that compared primary care data with hospital and cancer registry data also reported high sensitivities for breast, prostate, and colorectal cancers, highlighting that these cancers are usually managed by general practitioners. 27, 28 In Catalonia, a previous study comparing SIDIAP cases with those registered in a hospital cancer registry in Barcelona, also reported high sensitivities for breast, colorectal and prostate cancers. 9 High sensitivities are important to enhance study inclusiveness and to be able to ascertain common exposures. 29 A high sensitivity paired with a high specificity (which is important for classifying outcomes) facilitates both the study of cancer as an outcome as well as the identification of the cases' common exposures. In our study, the lowest sensitivities were found for cancers that are less frequent and that are more commonly managed in hospitals, such as gallbladder and biliary tract or bone and articular cartilage. 9, 24, 30, 31 We are not aware of any previous national or international studies validating the primary care diagnosis of these cancer types using external sources. Thus, our results indicate that using SIDIAP cancer diagnoses for research when cancer is the outcome of interest is reliable for most common cancer types in Catalonia but may be insufficient for less frequent types. PPV estimates were generally lower than the sensitivities observed in most cancer types. The number of cancer cases in the SIDIAP that were not confirmed by the cancer registries was high for some specific cancer sites. A previous study validating only colorectal, lung, gastro-esophageal and urological cancer diagnosis in primary care in the UK reported higher PVV estimates than in our study, ranging from 92% to 98%. 28 This study hypothesized that some of the reasons behind non-confirmed cases might be a disagreement in the type of cancer diagnosed in each data source, or the possibility of suspicious symptoms being registered as cancer diagnoses in primary care. 28 In agreement with this hypothesis, we found that approximately 10% of the non-confirmed cases by the cancer registries were due to disagreement in the type of cancer diagnosis between the data sources. The low PPV for cervix uteri cancer (included in the rapid diagnostic circuit in Catalonia) could be due to detected suspicious symptoms recorded as cancers in SIDIAP; however, we did not have the information needed to prove this hypothesis. Another factor that can influence PPVs is the prevalence of the cancer type which could partially explain the low PPVs of bone and articular cartilage (106 cases registered in the SIDIAP) and gallbladder and biliary tract (107 cases registered). High PPVs are important when we want to identify a cohort of people that only includes people with the condition of interest but do not need to be representative of all cases. 29 Therefore, the SIDIAP does not appear to be an appropriate database to create a cohort of cancer patients, except for certain cancer types (eg, trachea, bronchus and lung, stomach, pancreas or colorectal cancers). More research needs to be conducted to understand the reasons behind non-confirmed cancer cases in SIDIAP. Most cancer diagnoses were reported within less than three months of difference between the SIDIAP and the registries, and generally, the cancer registries reported the cases earlier than the SIDIAP. Our results are in line with two previous studies in the UK which assessed the time difference between the date of cancer diagnoses registered in the cancer registries and primary care databases. One study reported a median time difference in the date of diagnosis of 11 days (range 6-30 days) between a UK primary care database and the Cancer Registry in England for colorectal, lung, gastro-esophageal and urological cancers. 28 The other study, also using information from the same UK primary care database and cancer registry but combining 11 cancer types, reported that 63% of cancer diagnoses were recorded with one month of difference between the data sources and 24% within one to three months of difference. However, the authors did not specify which source registered the diagnosis first. 32 Although the time difference between the data sources was not substantial in our study, investigators should be aware of it when addressing time-related research questions in the SIDIAP, such as those in the cancer survival field.
In our study, the inclusion of hospital discharge data to SIDIAP cancer diagnoses improved the sensitivity estimates for most cancer sites, with substantial improvements observed particularly for less frequent cancer types. The use of multiple data sources is highly recommended when using EHRs for epidemiological research since the advantages of each database can overcome the limitations of the others. 4, 33 Specifically, the need to link primary care databases to those from hospitals and cancer registries to correctly identify certain cancer types has been proposed in the UK. 27 Therefore, considering both SIDIAP and hospital discharge databases can improve the reliability in the results of future research. This may be especially important for larynx, head and neck and liver cancers. For gallbladder and biliary tract cancer, despite the sizeable improvement in sensitivity after adding hospital discharge to SIDIAP cancer diagnoses, the final sensitivity estimate (50%) seems insufficient to perform future studies using this cancer type as an outcome. If data is available, future studies may consider restricting their analyses to confirmed cases only to avoid misclassifications and attain data robustness.
The main strengths of this study are first, the use of the SIDIAP database, which provides a large and representative sample of the Catalonian population and increases external validity. 11 Second, the use of two population-based cancer registries as the gold-standard allowed us to validate numerous cancer types. Third, we were able to calculate the sensitivity of the SIDIAP cancer diagnoses, a type of measure that is often not reported in cancer validation studies. However, our study has limitations. First, since the SIDIAP is a primary care database, certain cancer types are harder to be detected at this level; nevertheless, we assessed the inclusion of hospital discharge information to account for this limitation. Second, textual information in medical records could be of value to distinguish cancer suspicions from actual diagnoses in the SIDIAP, but this information was not available in this study. Third, for this study we were only able to add cancer diagnoses from hospital discharge from the ICS hospitals, therefore we cannot confirm whether including information from all Catalan hospitals would permit better identification of cases for the same cancer types we found. Finally, our population of reference was the population of individuals assigned to a primary care center in Girona and Tarragona provinces in 2016 and, thus, we could not account for changes in patient address during the whole study period.
Conclusion
The SIDIAP includes 76% of the cancer diagnoses present in the cancer registries of Catalonia but also includes a considerable number of cases that are not in the registries.
Overall, the SIDIAP reports cancer cases later than the registries but the time difference in the date of diagnosis between the databases is usually less than three months. Our results support the use of SIDIAP cancer diagnoses for national and international epidemiological research when cancer is used as an outcome, especially for the most frequent cancer types. The inclusion of cancer diagnoses from hospital discharge data is recommended to improve the reliability of certain cancer types such as head and neck, liver, larynx, and leukemia. However, our results do not support the use of SIDIAP data for all cancer sites when the purpose of the study is to identify a cohort of cancer patients. Further research is needed to understand the cancer cases recorded in the SIDIAP that were not confirmed by the cancer registries. 
Data Availability
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